ABSTRACT
INTRODUCTION
Carotid stenosis and abdominal aortic aneurysm (AAA) are frequent ailments in the elderly. It was previously thought that these illnesses were caused by atherosclerosis. However, despite that these two illnesses share the majority of their risk factors, research has shown that aneurysmal disease pathogenetically differs from occlusive artery disease (1) (2) (3) . Occlusive artery disease affects the intima and partially media and is strongly associated with atherosclerosis. On the other hand, aortic aneurysmal disease affects the media and adventitia and leads to degeneration of the elastin and collagen; however, compared to occlusive disease, it has a weaker association with atherosclerosis (4) . The disease is usually asymptomatic until the aneurysm ruptures, in which case the mortality rate is high, even with surgical intervention. Early diagnosis of asymptomatic AAA significantly reduces mortality in these patients.
Ultrasonography of the abdomen is an accurate, realistic and widely accepted method for detecting AAA reduced lumen in at least one carotid artery resulting from occlusion within the following ranges: up to 50%, 50-59%, 60-69%, 70-79%, 80-89%, 90-99% or complete occlusion (100%). If a patient had bilateral carotid disease, only the carotid artery with more pronounced stenosis was included in the statistics. The patient distribution by sex, age and type of carotid stenosis is presented in Table 1 .
A 3.5 MHz probe with a Shimatzu SDU 2200 ultrasound device measured the largest transverse and anteroposterior diameters of the infrarenal abdominal aorta. The patients were classified according to the findings in the following 3 categories (7): normal aorta (diameter less than 27 mm), dilated aorta (diameter of 27-29 mm) or aneurysm (diameter over 29 mm). The patients with aneurysm were classified according to the aneurysm diameter into the following 3 categories: diameter of 30-39 mm, diameter of 40-49 mm, and diameter equal to or exceeding 50 mm. Patients with an AAA over 40 mm underwent a subsequent CT of the abdomen, and patients with an aneurysm exceeding 50 mm were considered for surgical intervention. The finding of an abdominal aorta was correlated with the most significant risk factors for atherosclerosis.
Statistical analysis
SPSS v7.5 was used for the statistical analysis. As for the descriptive statistics, the mean ± standard deviation were used for continuous variables, whereas the number and percentage were used for nominal variables. The Χ 2 test was used for comparisons between nominal variables, whereas the t-test was used for comparisons between continuous variables. Correlations were calculated using a univariate correlation analysis. A multivariate correlation model was used to examine the variables that independently affected the onset of AAA.
RESULTS
The average diameter of the abdominal aorta in the 200 examined patients was 28.14±10.34 mm (range from 18 to 70 mm). On average, men had a significantly larger abdominal aorta diameter compared with women (30.19±11.24 vs. 25.52±8.45; t-test, p=0.001). The majority of the patients (135 patients, 67.5%; 62 men and 73 women) had a normal aorta diameter, with an average of 22.35±2.95 mm. An ectatic aorta was found in 34 patients (17%; 15 men that has a sensitivity and specificity of almost 100% (5) . Screening of the general population with elective surgical intervention reduces the mortality caused by AAA, but the screening process is expensive. Furthermore, there is some disagreement as to which subpopulations should be screened for AAA (6) .
The aim of this study is to explore the prevalence of AAA in patients who were previously diagnosed with carotid disease and to analyse the influence of major cardiovascular risk factors for the development of AAA. The registered risk factors were common for atherosclerosis and included the following: hypertension, diabetes, dyslipidaemia and smoking. Patients were considered hypertensive if they were taking anti-hypertensive therapy (drugs or diet) or had a blood pressure over 140/90 mm Hg on at least two different occasions. A diabetes diagnosis was made for patients who were undergoing endocrinology therapy or were on a modified diet; with an overall cholesterol value over 5.7 mmol/L, LDL cholesterol over 3.5 mmol/L and HDL cholesterol below 1.81 mmol/L. Patients were classified as current smokers, former smokers (smoked in the past, but not smoking for at least 5 years) or non-smokers.
MATERIALS AND METHODS

Between
Carotid disease was diagnosed using a 7.5 MHz probe with a Shimatzu SDU 2200 ultrasound device according to the criteria for determining the level of carotid artery stenosis based on the peak systolic velocity and end-diastolic velocity. Patients with carotid stenosis were assigned to one of two groups, the symptomatic or asymptomatic carotid stenosis group, according to initial reports on the carotid arteries, anamnesis and neurological status.
Symptomatic patients had a history of stroke or a transitory ischaemic attack, or they had a focal neurological disorder.
Asymptomatic patients were recruited from a group of patients who had visited the vascular surgeon because of peripheral vascular disease, on which occasion their carotid arteries were examined and asymptomatic carotid disease was diagnosed. .5% of the total number of patients, whereas AAA above 49 mm was found in 12 patients (11 men and 1 woman), or 6% of the total number of patients. Ten patients (9 men and 1 woman), or 5% of the total number of patients, underwent a successful surgery. The prevalence of AAA increased significantly with age (χ2 test, p=0.008). The increase was most pronounced above 65 years in men and 75 years in women (Table 3) .
The patients with asymptomatic carotid stenosis had a significantly larger average diameter of the abdominal aorta compared to patients who had symptomatic carotid stenosis (29.03±11.62 mm vs. 26.95±8.29 mm; t-test; p=0.005). AAA had a significantly higher prevalence in patients with asymptomatic carotid stenosis (20 vs. 11, χ2 test, p=0,023). This difference was significant with men (17 vs. 8; χ2 test, p=0,039) but not women.
The correlation analysis showed no correlation between the extent of carotid stenosis and AAA (correlation test, p<0.05). That is, there was no correlation between patients with a severe type of carotid stenosis and an increased prevalence of AAA or vice versa.
Patients with both carotid stenosis and AAA had a significantly higher prevalence of hypertension (24 or 77.42%, χ2 test, p=0.005) and smoking (28 or 90.32%, χ2 test, p=0.000). The average diameter of the aortic aneurysm did not differ between current smokers (46.79±11.4 mm) and former smokers (43.89±8.75 mm) (t-test, p=0.628); however, both of these groups had aortic aneurysm diameters that were significantly larger than those of non-smokers (36.33±3.21 mm; t-test, p=0.021 for current smokers and p=0.035 for former smokers). Patients with diabetes (40.82±9.15 mm) had a significantly smaller average diameter of AAA than patients who did not have diabetes (47.20±10.62 mm; t-test, p=0.047).
The univariate correlation analysis showed that asymptomatic carotid stenosis (r=0.285, p=0.009), smoking (r=0.317, p=0.002), hypertension (r=0.292, p=0.007), a male sex (r=0.199, p=0.04) and an inc reasing age (r=0.648, p=0.000) had significant positive correlations with the onset of AAA in patients with carotid stenosis. Dyslipidaemia (r=0.175, p=0.360) was not presented as a risk factor that had a significant correlation with the onset of AAA. Diabetes presented a negative correlation with the onset of AAA (r=-0.265, p=0.06), but the difference did not reach statistical significance (Table 4) . The multivariate regression analysis indicated that age (p=0.000) and smoking (p=0.002) were risk factors that independently affected the onset of AAA (Table 5) .
DISCUSSION
To date, abdominal ultrasound is the most practical method for identifying AAA (8) . The time needed to perform abdominal ultrasound and measure the aortic di- Table 2) . Aneurysm of the abdominal aorta was found in 31 patients (25 men and 6 women), or 15.5% of all patients with average diameter of 43.73±10.39 mm, i.e., 22.32% men with average diameter of 44.1±9.59 mm and 6.81% women with average diameter of 42.73±12.77 mm. The mean age of patients with AAA was 76.34±7.49 mm. On average, men with AAA were significantly younger than women with ameter is less than 10 minutes (9). The best therapy for AAA is presymptomatic elective surgery of carefully chosen patients. Despite having different methodologies, a recent meta-analysis and a randomised general population screening study aimed at detecting asymptomatic AAA and timely intervention both showed a significant reduction in AAA-related mortality (8, 10) . However, a recent analysis of 16 studies that investigated the cost efficiency of AAA screening (11) failed to provide definitive recommendations for the population groups in which abdominal aorta screening should be performed.
The prevalence of AAA in the general population is approximately 4-10% for men over 60 years of age and 0.5-3% for women over 80 years of age (8, (12) (13) (14) (15) . However, it is very difficult to compare the results of these studies because of the differences in the study samples, methodology, and definitions of AAA.
The comorbidity of carotid stenosis and AAA and the prevalence of AAA in patients with carotid disease have been rarely studied. It was shown that carotid intima media thickening in patients with AAA was higher than that in the healthy population but lower than that in patients with peripheral artery disease (16, 17) . The 15.5% prevalence of AAA in patients with carotid stenosis that we found in this study is higher than the prevalence found by (21) and similar to the prevalence found by Kang et al. (22) (patients with carotid stenosis over 50%, 18.2%; patients with carotid stenosis below 50%, 12.2%; only patients without diabetes were included in the study). However, if one takes into consideration that our study included a similar number of men and women, whereas the number of men was much higher in the previous studies, then one can consider that the present results are in agreement with the findings of Karanjia et al. and Barba et al. (20, 21) . In our study, the prevalence of AAA was significantly higher in men (22.32%) than in women (6.81%). However, this can be explained by the fact that AAA occurs much later in women than in men (23, 24) , and the mean age was similar between men and women in this study. Indeed, men with aneurysm were significantly younger than women with AAA in this study. The prevalence of AAA significantly increases with age in both sexes, but the largest number of aneurysms was found in men over 65 years of age and in women over 75 years of age.
The average AAA diameter was significantly larger in patients with asymptomatic carotid stenosis than in patients with symptomatic carotid stenosis. The patients with asymptomatic carotid stenosis had been diagnosed with peripheral arterial disease, whereas the patients with symptomatic carotid stenosis had been diagnosed with cerebrovascular disease. Previous studies have shown that patients with peripheral arterial disease have a high prevalence of AAA (21) , but the same was not shown with cerebrovascular disease.
Most of our patients (9.5% of total number of examined patients, and 61.29% of patients with AAA) who had AAA also had a small AAA, with a typical diameter of 30 to 49 mm. Aneurysms of this size do not require surgical intervention, but only periodic monitoring of the aneurysm growth, which had been performed. A small number of patients (12,6% of all examined patients, and 38.71% of patients with AAA) had an aneurysm with a diameter of 49 mm. Of these 12 patients, 10 (9 men and one woman, 5% of all patients) underwent successful surgery. One patient did not undergo surgery for his AAA, which did not exceed 5.5 mm, whereas another patient did not undergo surgery due to a recent myocardial infarction and a poor cardiovascular status.
No correlation was found between the size of an AAA and the severity of carotid stenosis, i.e., it was not shown that patients with a more severe form of carotid stenosis also had a higher prevalence of AAA and vice versa. This finding is consistent with the data published by Kang et al. (22) .
Carotid disease and AAA share many risk factors. Our results show a significant positive correlation between hypertension, smoking, age, male sex and asymptomatic carotid stenosis and the development of AAA. Furthermore, the male sex, age and smoking are factors that independently influence the development of AAA. The presence of diabetes showed a negative correlation with the development of AAA, but the difference was not statistically significant.
All studies so far have shown that AAA has a much higher prevalence above the age of 65. It is interesting that there are many studies dealing with development of AAA only in men, which likely stems from the previous opinions that AAA is an extremely rare event in women and that aneurysmal arterial disease in women differs from that in men. The fact is that AAA develops in women after menopause, myocardial infarction, or stroke. However, the latest research (23) confirmed AAA is usually not diagnosed or is misdiagnosed in women and that operated women had a far worse postoperative outcome with procedures for a ruptured AAA. The risk factors in women do not differ significantly than those in men.
We have indicated that smoking is an independent risk factor for the development of AAA, and this finding is in compliance with other studies. An analysis of ten studies with over one million patients who smoked reported a prevalence of AAA that was 2.5 and 3.5 times higher than those for coronary disease and cerebrovascular disease, respectively (25) . It appears that smoking is a greater risk factor for the development of aneurysms than for obstructive arterial disease. The smoking-mediated dysfunction of endothelium could be the underlying mechanism through which smoking triggers the development and growth of an AAA, resulting in a reduction in tissue-type plasminogen activator, which in turn leads to hypercoagulability (26) . There are indicators that smoking cigarettes is a cause of inflammation, which is expressed through increased lev-els of circulating leucocytes, C-reactive protein, interleukin 6 and fibrinogen (27) . Signs of inflammation were also present in passive smokers (28) . Smoking cigarettes deteriorates the elasticity of the ascending aorta (29) , whereas long-term smokers have reduced distensibility of the ascending aorta compared to non-smokers (29) .
Diabetes is the most interesting rick factor for the development of AAA. Among the patients who had an abdominal aorta examined for the presence of aneurysm, 54.5% also had diabetes. However, if only patients with AAA are considered, then the diabetes prevalence drops to a mere 16.13%. On the other hand, in the patients with AAA, those with diabetes had a significantly smaller AAA diameter than the AAA patients without diabetes. The univariate correlation analysis revealed a negative correlation between diabetes and the development of AAA, but that difference was not significant. In other words, the results of this study indicated the presence of diabetes has a protective effect on the development of AAA. The connection between AAA and diabetes is not clear, but it is thought that reduced monocyte activity and reduced production of matrix metalloproteinases, as observed in diabetes, may play a protective role in AAA (30) . A negative association between diabetes and AAA, meaning that diabetes plays a protective role in the development and expansion of AAA, was noted early as 1995 (31) , and this was confirmed in a number of patients (32) . It was recently shown that the diameter of the aorta has an inverse relationship with the serum glucose concentration (33) and that diabetes reduces the progression of AAA (30) .
Aneurysm of abdominal aorta is a disease that differs by its aetiology, pathogenesis, clinical picture, risk factors and therapy from arterial occlusive disease (such as carotid disease), although the both diseases include degenerative atherosclerotic changes within the blood vessel wall. However, numerous factors affect the course of events in developing arterial occlusive disease (disease of endothelium) or aneurysmal arterial disease (collagen and elastin disease).
The results of this study and a small number of other studies that focused on the prevalence of AAA in patients with carotid stenosis indicate different prevalence rates for AAA in these patients, even for patients with stenosis of less than 50%, which does not have to be considered as clinically significant. Therefore, screening these patients for the existence of AAA could be useful in reducing the mortality resulting from the rupture of AAA.
